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SUMMARY

Introduction: In the trial of aging all the structures of the organism are modified, generating intercurrences in the

quality of the hearing and of the comprehension. The hearing loss that occurs in consequence of this

trial occasion a reduction of the communicative function, causing, also, a distance of the social

relationship.

Objective: Comparing the performance of the temporal auditory processing between elderly individuals with and

without hearing loss.

Method: The present study is characterized for to be a prospective, transversal and of diagnosis character field

work. They were analyzed 21 elders (16 women and 5 men, with ages between 60 to 81 years) divided

in two groups, a group “without hearing loss”; (n = 13) with normal auditive thresholds or restricted

hearing loss to the isolated frequencies and a group “with hearing loss” (n = 8) with neurosensory

hearing loss of variable degree between light to moderately severe. Both the groups performed the tests

of frequency (PPS) and duration (DPS), for evaluate the ability of temporal sequencing, and the test

Randon Gap Detection Test (RGDT), for evaluate the temporal resolution ability.

Results: It had not difference statistically significant between the groups, evaluated by the tests DPS and RGDT.

The ability of temporal sequencing was significantly major in the group without hearing loss, when

evaluated by the test PPS in the condition “muttering”. This result presented a growing one significant

in parallel with the increase of the age group.

Conclusion: It had not difference in the temporal auditory processing in the comparison between the groups.

Keywords: aging, neurosensory hearing loss, central hearing loss, presbyacusis.

RESUMO

Introdução: No processo de envelhecimento todas as estruturas do organismo se modificam, gerando intercorrências

na qualidade da audição e da compreensão. A perda auditiva que ocorre em decorrência deste

processo ocasiona uma redução da função comunicativa, causando, também, um afastamento do

convívio social.

Objetivo: Comparar o desempenho do processamento auditivo temporal entre indivíduos idosos com e sem

perda auditiva.

Método: O presente estudo se caracteriza por ser um estudo de campo, transversal, prospectivo e de caráter

diagnóstico. Foram analisados 21 idosos (16 mulheres e 5 homens, com idades entre 60 a 81 anos)

divididos em dois grupos, um grupo “sem perda auditiva” (n=13) com limiares auditivos normais ou

perda auditiva restrita a frequências isoladas e um grupo “com perda auditiva” (n= 8) com perda

auditiva neurossensorial de grau variável entre leve a moderadamente severo. Ambos os grupos

realizaram os testes de frequência (PPS) e duração (DPS), para avaliar a habilidade de sequenciamento

temporal, e o teste Randon Gap Detection Test (RGDT), para avaliar a habilidade de resolução tem-

poral.

Resultados: Não houve diferença estatisticamente significativa entre os grupos, avaliados pelos testes DPS e RGDT.

A habilidade de sequenciamento temporal foi significativamente maior no grupo sem perda auditiva,

quando avaliada pelo teste PPS na condição “murmurando”. Este resultado apresentou uma crescente

significância em paralelo com o aumento da faixa etária.

Conclusão: Não houve diferença no processamento auditivo temporal na comparação entre os grupos.

Palavras-chave: envelhecimento, perda auditiva neurossensorial, perda auditiva central, presbiacusia.
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INTRODUCTION

The hearing is a fundamental sense of life as it is the

basis of human communication allowing the insertion of

the individual in society. The audio system allows the

processing of acoustic events whose function is to select

the sounds of speech rather than competitive factors such

as noise (1).

In the aging process all structures of the body are

modified gradually leading to complications in the quality

of hearing and understanding (2).

Presbycusis, hearing loss that occurs as a result of

this process is associated with reduction of communicative

function and thus removal from society (3). This condition

is caused by deficiency in the blood supply of the inner

ear causing degenerative lesions of the organ of Corti,

spiral ganglion, the nerve pathways and centers and

bulbar suprabulbar. The audiology framework is

characterized by sensorineural hearing loss, bilateral and

descending committing or not, the speech recognition

(4). Furthermore, it occurs progressively with individual

variations.

Besides hearing loss, it is possible to observe changes

in cognitive functions that, in the elderly, is characterized

by slow suggesting a deficit in transmission of temporal

processing (5).

The temporal processing, in turn, is the ability to

process acoustic events necessary minimum to speech

perception (discrimination of the traits of loudness and

duration of consonants) and music (perception of musical

notes and scales) resulting in a fundamental component a

greater capacity for auditory processing (6,7).

The interest in examining the relationship between

aging and auditory temporal processing has been growing

in recent years due to the existence of elderly people who

often complain of difficulty understanding speech not

related with the degree of hearing loss. Thus, while some

elderly people with difficulties to detect low intensity

sounds say they have difficulty understanding speech,

particularly in situations of competition sound, other seniors;

with obvious hearing loss do not always exhibit such

problems. Recent studies have shown that such difficulties

with speech recognition may be related to the aging

process (8).

The auditory temporal processing can be divided

into four subcomponents or abilities: spatial and temporal

sequencing, discrimination or resolution temporal

summation or temporal integration and temporal masking.

This study are addressed only the first two, because the

latter are not clinically assessed (7).

The ability of temporal sequencing refers to the

processing of two or more auditory stimuli in the order they

occur in time. This is much investigated due to its importance

in speech perception depending on the integrity of both

hemispheres, for patients with section of corpus callosum

may show deficits in standard tests of frequency and

duration (6).

The most widely used tests to assess this

subcomponent are: standard test frequency and duration

pattern (7). The frequency pattern test consists of the

presentation sequence of 3 tones that differ in height. The

frequencies used are: 1430 Hertz (Hz) for the distinction

of sound high and 880 Hz for the bass sound. The patient

is instructed to murmur and / or name the pattern.

Likewise, the test duration pattern also is the submission of

3 tones that differ in duration (250ms) to identify the sound

and short (500ms) to identify the long sound (6.9).

Both tests are sensitive in identifying complications

hemispheric and inter-hemispheric and remain unchanged

in case of peripheral hearing loss (6,7).

The temporal resolution is the second skill involved

in this study, defined by the identification of small intervals

of time during which the individual can discriminate

between two signals. The minimum interval recognized by

the patient is called temporal resolution threshold of being

the temporal auditory acuity. Currently, there are two

temporal resolution tests available for clinical use: The

Randon Gap Detection Test (RGDT) and Gaps-In-Noise

(GIN). This study will address only the first (7).

The RGDT (Randon Gap Detection Test) is a test of

temporal resolution that involves the presentation of a

binaural gap inserted in pure tone frequencies of 500 Hz to

4000 Hz The objective of this test is determining the

smallest time interval that can be detected by the patient in

milliseconds (ms) and obtained by perceptions of a series of

paired stimuli. The interval of silence between each pair of

pure tones increases and decreases the duration randomly

varying intervals between 0.2 ms, 5 ms, 10 ms, 15 ms, 20 ms,

25 ms, 30 ms and 40 ms. The determination of the threshold

is calculated by the arithmetic mean of the gap detection

thresholds obtained at frequencies tested (6).

Currently, research is being undertaken with the

purpose of investigating the central auditory abilities in the

elderly with and without normal hearing (5.10).

Given the literature cited, the purpose of this study

is to compare the performance of a group of elderly
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people with normal hearing and with sensorineural hearing

loss in relation to the skills of sequencing and temporal

resolution.

METHOD

This study was approved by the Ethics Committee

of the Institution in which it was conducted under protocol

number 123/2008 and is characterized by a field study,

transversal and prospective diagnostic character. After

clarification of the research objectives, the participants

signed a consent form (ICF).

All individuals 60 years or older who sought the

Integrated Clinic of the Institution for the audiologic

evaluation with a medical have been invited to participate.

All elderly people with normal hearing or hearing loss

restricted to isolated frequencies with an average of 500Hz,

1000Hz and 2000Hz normal and elderly with sensorineural

hearing loss ranging from mild to moderately severe, were

invited to participate. All others were excluded from the

search.

After fit on the criteria for inclusion, the elderly

performed the exams and tests proposed in this study. The

sample consisted of 21 elderly, 16 women and 5 men aged

60 to 81 years when considering all the participants divided

into 13 elderly people with normal hearing or hearing loss

restricted to isolated frequencies with an average of 500Hz,

1000Hz and 2000Hz and normal 8 elderly patients with

sensorineural hearing loss ranging from mild to moderately

severe.

All participants underwent anamnesis and audiological

pure tone audiometry performed in a soundproof booth

with equipment AC30, AC33 or AD259e, all brand

Interacoustics properly calibrated. In audiological anamnesis

we considered the following aspects: a complaint of

hearing loss, tinnitus, complaining of discomfort to loud

sounds, occupational noise exposure, family history,

dizziness, and speech recognition in competitive situations.

Upon completion of the tonal and vocal audiometry tests

were performed on standard frequency (PPS) and duration

(DPS) and RGDT sold in CD (9,12). These tests were

performed using the Sony CD player connected to the

AC30 or AC33 audiometer to control the parameters of

evaluation. All tests were performed at 40 dB SL from the

average frequency of 500 Hz, 1000 Hz and 2000 Hz

The standard tests of frequency and duration were

made in dichotic condition and requested responses murmur

and appointment, and 10 items for each form of response

total of 20 items for each test. Assigned to each value of

10% to 100% response in each condition. We opted for this

form of realization that the evaluation process was not

thorough in considering the age group under study (9).

The test was also performed in RGDT dichotic condition

and consists in identifying a gap in pure tone frequencies

of 500Hz to 4000Hz whose intervals range from 0 to 40 ms.

Join the minimum perceived by the patient at each

frequency (13). The whole evaluation process lasted

approximately one hour.

RESULTS

The sample consisted of 16 women (76.19%) and

5 men (23.81%). To facilitate the analysis participants were

divided into two age groups, the first being 60 to 69 years

and the second equal to or greater than 70 years. The first

track consisted of 11 (52.38%) and the second, 10 (47.62%).

When considering the entire sample, the average age of

participants was 69.67 years and the minimum age 60

years and maximum 81 years.

Regarding diagnostic audiological 13 (61.90%)

participants had normal hearing or hearing loss limited to

high frequencies with an average of 500Hz, 1000Hz and

2000Hz in the normal range while 8 (38.10%) had hearing

loss with varying degrees from mild, moderate and

moderately severe (12).

Regarding the aspects mentioned in the anamnesis

15 (71.43%) participants did not mention complaints of

hearing loss, but 6 (28.57%) referred to it. The same rate

of frequency was found for discomfort to loud sounds and

occupational noise exposure. Ten (47.62%) participants

did not complain of tinnitus, an aspect mentioned by 11

(52.38%). Furthermore, 14 (66.67%) elders did not mention

complaints of dizziness, point mentioned by 7 (33.33%).

For complaints of family history and speech recognition in

competitive situations, 16 (76.19%) participants did not

complain of these aspects while 5 (23.81%) presented.

These data can be viewed in Table 1.

Regarding the comparison of variables in this study

between the group with hearing loss (sensorineural hearing

loss, mild, moderate or moderately severe) and the group

without hearing loss (auditory threshold nor  or more

hearing loss limited to high frequencies) it was found that

gender Women have higher incidence of normal hearing or

hearing loss limited to high frequencies while the males

had a higher incidence of sensorineural hearing loss, mild,

moderate or moderately severe and p = 0.048.

The complaint of hearing loss variables p = <0.001,

occupational noise exposure p = 0.014 and time of hearing

loss p = 0.001 statistically significant when comparing the

groups with and without hearing loss.

Temporal auditory processing in elders. Azzolini, et al.
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As the hypothesis of this research sought to exami-

ne the comparison of both groups in tests of auditory

processing. Table 2 shows this comparison for the tests PPS

and DPS while Table 3 shows the same comparison for

RGDT. Thus, there is a lack of statistically significant for

those tests to compare both groups.

When comparing the study variables between the

genders there was a greater incidence of normal hearing

and hearing loss at high frequencies for females and

sensorineural hearing loss from mild to moderately severe

for males. It is worth mentioning that this analysis was

performed separately for each ear, and this result corresponds

to the right ear p = 0.045. The same comparison performed

for the left ear was not statistically significant P = 0.164.

Even with regard to the comparison between genders

was observed lower percentage of correct responses for

the male test DPS provided muttering (p = 0.008). Moreover,

the time of hearing loss was also statistically significant

being higher in males (p = 0.049).

When comparing the study variables between the

age groups there was a statistically significant difference for

the PPS test provided murmuring, a lower percentage of

correct answers for the age group between 60 and 69

years, p = 0.043. Likewise, to correlate numerical variables

showed a significant correlation between age and test

performance PPS provided muttering that performance in

this test increases with advancing age (r = 0.455 and p =

0.038).

DISCUSSION

This study aimed to compare elderly individuals

with normal hearing and with sensorineural hearing loss in

relation to temporal processing. It is worth mentioning that

the number of participants is limited, so the considerations

pointed out must be interpreted with caution.

Most of the sample of female subjects due to high

demand by the early audiological diagnosis compared to

Table 2. Comparison of PPS and DPS tests between groups with and without hearing loss.

Test   Group 1 - Without hearing Group 2 - With hearing p value

                         loss                                              loss

Average DP Average DP  

PPSM 69,23% 33,78% 83,75% 19,96% 0,372

PPSN 39,23% 36,39% 57,50% 27,12% 0,342

DPSM 64,62% 35,03% 66,13% 32,30% 0,913

DPSN 50,77% 37,52% 43,75% 28,74% 0,635

Table 3. Comparison of RGDT test between groups with and without hearing loss.

 RGDT Group 1 -  Without hearing Group 2 - With hearing  p value

                         loss                                          loss

 Normal Changed Normal Changed

500 Hz 2 (15,38%) 11(84,62%) 1(12,50% 7(87,50%) 1,000

1000 Hz 3(23,08%) 10(76,92%) 1(12,50%) 7(87,50%) 1,000

2000 Hz 2 (15,38%) 11(84,62%) 0(0,00%) 8(100%) 0,505

4000 Hz 2 (15,38%) 11(84,62%) 0(0,00%) 8(100%) 0,505

Table 1. Distribution of participants in relation to audiological diagnosis considering the results

for each ear.

Diagnosis Participants

Right ear Left ear

Normal Hearing Threshold 5 23,81% 5 23,81%

Neurosensory hearing loss weak 2 9,52% 4 19,05%

Neurosensory hearing loss Moderate 5 23,81% 3 14,29%

Neurosensory hearing loss Moderately Severe 1 4,76% 1 4,76%

Restricted hearing loss to the high frequencies 8 38,10% 8 38,10%

Temporal auditory processing in elders. Azzolini, et al.
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men. This finding concurs with a study that found lower

participation of men in the services of primary health care.

In general, suffer more severe conditions and chronic

health than women and therefore the same die (14). This

fact refers to the phenomenon of feminization of aging.

Thus, studies in this population has increased participation

of women.

Another study showed a significant increase in

prevalence of hearing loss with increasing age, but it is

noted that prevalence rates are different in each study due

to methodological differences  logical and there seems to

be a slight tendency for men to have higher prevalence of

hearing loss at different ages than women (3).

The diagnosis of hearing loss in participants of this

study was consistent with the complaint and the time of

hearing loss suggesting that the worsening of the condition

is associated with complaints of hearing loss. This finding

agrees with a study that compared self-report with the

audiological diagnosis suggesting a positive correlation.

The authors also show that self-report may be a quick and

cheap way to provide estimates in large populations,

where the costs (audiological equipment and human

Figure 1. Comparison between groups with and without

hearing loss when considering the gender variable - Rosa:

Blue female: male

Figure 2. Audiologic diagnosis of the right ear when considering

the comparison between genders. - Green: normal auditory

thresholds Yellow: Red mild sensorineural hearing loss:

Hearing loss mild or severe Blue: hearing loss limited to high

frequencies

Figure 3. DPS test performance provided mermurando the

comparison between genders. - Rose: Blue female: male

Figure 4. Correlation of test performance PPS provided

murmuring ages. - Ppsm: Pitch Pattern Sequence test or

standard frequency in murmuring condition.
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resources) and time constraints are factors that hinder the

achievement of a more accurate diagnosis. Thus, the self-

report may be an indicator of loss (15).

The aging process compromises the hearing

sensitivity and can lead to psychosocial complications. The

loss of this sensitivity refers to the concept of presbycusis

may be aggravated by extrinsic factors such as exposure to

occupational noise and non-occupational, nutrition, stress,

medications, along with hereditary factors (2,16). In this

study it was found that most participants were men with

hearing loss and that the comparison between groups with

and without hearing loss with the complaint of occupational

noise exposure was significant. Thus, it appears that the

hearing loss in the elderly may be aggravated by other

factors as mentioned by the studies cited.

The results related to auditory processing tests

showed no significant relationship between subjects with

and without hearing loss, but it is possible to observe

differences in relation to performance. It was considered

the normal range of 76% correct for the PPS test for

conditions mumbling and styling. Thus the performance of

the group without hearing loss was minor compared with

the normal range for both conditions. In the group with

hearing loss there was an increase in performance in both

conditions. Provided murmuring, the participants’ average

is above the normal range remaining, only the naming

condition below average.

In the DPS test is considered normal range of 83%

correct for both conditions. It is observed that the

performance of both groups is below average and the

murmuring condition in the group with hearing loss is

higher than the group without loss, unlike the naming

condition, that even below average is higher in the group

without hearing loss.

Comparing the performance in both tests it was

found that test performance is superior to PPS DPS. Both

tests assess the ability of processing temporal sequencing

(6,7). Thus, the difference in performance suggests the

involvement of other functions.

The difference frequency is primarily due to the

tonotopic organization of the cochlea that is repeated

along the ascending auditory pathways while the distinction

of duration involves the learning of the concept of short

and long sound beginning in the brainstem. Thus, the

processing of rapid change in duration is more specialized

and mediated by the left hemisphere while the variation in

frequency would be mediated by the right hemisphere.

Another hypothesis is the involvement of the cerebellum

in the identification of standard length. Therefore we

conclude that the distinction of length is an activity that

requires more brain functions to compare it with the

distinction of frequency (17). Also, found a study in which

participants’ performance was superior in standard length

(11).

For RGDT, which assesses the ability of temporal

resolution, it was considered the same pattern of normal

(4.77 ms to 11.69 ms) seen by a recent study (18). It is

worth noting that no studies were found with the elderly

in normative large scale as regards the skill assessed. In this

study, the results of this test were not submitted in

milliseconds, rather emphatically due to the difficulties of

the elderly in testing. Thus, the participants’ performance

was considered to be normal or altered if it were outside

that range. As shown in Tables 2 and 3 the vast majority of

participants showed changes in the test in both groups

suggesting that performance in the temporal resolution

ability, assessed by RGDT is lower than the temporal

sequencing (7).

When considering both abilities, both the sequencing

and temporal resolution were not statistically significant

when comparing the groups with and without hearing loss,

unlike other studies in which hearing loss was determinant

for the difference in answers or that the results were not

significant but showed tendency to underperform in the

presence of hearing loss (5,10). It is worth noting that these

studies were performed with different tests that assess

other skills.

At this point, we agree with the work that oppose

the interference of peripheral hearing loss (6, 7) and a

review of the literature that suggests the existence of

temporal auditory processes of varying complexity, which

can be affected both by intercurrent Hearing peripheral

and central auditory system, even in areas of cognition is

not exclusive of hearing (8).

In relation to this sample suggests that the results

are suggestive of the aging process and not the peripheral

hearing loss. Recent studies have shown that the difficulties

with speech recognition may be related to loss of ability to

perform temporal processing in aging (5,8).

When comparing the study variables between the

genders, we observed a higher incidence of normal hearing

and hearing loss restricted to higher frequencies for women

and sensorineural hearing loss for men. These results were

obtained by ear is only significant in the right ear. This

suggests that further studies of temporal processing should

be performed in monotic condition as shown in a survey of

the same tests (11). The authors also found more easily to

the answers provided murmuring, a finding also identified

in this study, however, superior performance of responses

for men, given that no support to this research, because it

Temporal auditory processing in elders. Azzolini, et al.
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was found lower performance in DPS for men provided

murmuring. This result may have been influenced by

hearing loss, with a maximum occurrence was found for

males. This result differs from that found in the literature

that evaluated subjects with normal hearing emphasizing

thus the association with hearing loss.

Another study that surveyed the auditory processing

of military personnel exposed to occupational noise with

and without peripheral hearing loss showed that both

groups exhibited auditory processing disorders, diagnosed

through tests of filtered speech and pitch patterns. The

group concluded that changes in tests of auditory processing

may occur prior to peripheral hearing loss (19).

In the comparison and analysis of correlation between

age and the variables studied was found superior

performance on the test PPS provided murmuring, for the

age group above 70 years suggests that the performance

improved with increasing age when considering the sample.

This may be because until 80 years, intellectual ability can

be maintained in people without brain damage. The

decline in most of the variables that change with age is

linear in the eighth and ninth decades (20).

CONCLUSION

Regarding the sample studied no difference in

auditory temporal processing performance between groups.

It is suggested that the results are suggestive of the aging

process and not the peripheral hearing loss and that the

lower performance in men may be linked to hearing loss,

as well as the number of elderly males who participated in

the study.

The superior performance in the PPS test in

murmuring condition for the age group above 70 years

suggests that performance improved with increasing age

for this sample.

It is suggested to carry out further studies on

temporal processing in monotic condition and the use of

the GIN test and the expanded form of RGDT.
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